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New .uav%a cn the Role of Gamma Amtnobutric Acld.
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Selemey . EXEVAN menca.. 4SS ,
Recont studles have focussed considsrable
attention on gamma~aminobutric acid (GABA). It was discovered
ond. othén o
in large amounts in mammallan brain by Robert;_zﬁxﬁf'(f:Q)
énd Awapra et al (3) im I950, The identity of this substancey
was proved by Udenfriend (4) in the sape year, Widespread
investigations of GABA action followed the establishment by
Bazemore et al (5) and Hayashi et al (6) of its presence in
"Factor I", and the dlscovery of its inhibltory effect on
nervous activity. According to Mc-Lennan (7) Factor I contains
substances other than GABA ths action of which 18 not always
ldentical with that ofFactor I . In another report the same
author (8) comes to the conclusion that 3ABA 18 abasent from
brain containing Factor I. He postulates that GABA 1s a frag-
ment of & larger molecule excisting in Factor I to which he
ascribes inhibitory activity,. Inspite of this, GABA generally
belisved to play an important role in the accomplishment of
inhibitory processes. Its effect on blood pressure, respiration
and cardlac rythm has been ascribed %to its periferic genglion
blocking action (9). Despite numerous investigations the true
mechanlsm of GABA &ctlon on nervous processes 1s not yet known.
Cf spe~ial interest 1§ its effect on the structure and be-
h;viour of synaptic membranes and on those of neurones, GABA
induces a repolatfgation (or hyperpolarization) of cell mem-
brane (I0)s. Koshtoyantz and Kokina (II) have shown that GABA
and Bealanine have a similar efrect on membrane potentials of

organisms devold of a nervous gystem, such as infusoria.
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According to Bolstel & FatthABA excerclses a similar effect
&s that observed on the stimulation of the inhibitory fibres
of crgétacean muscle. The increase in membrane conductance
observed under the actlon of GABA and inhibltory fibre stimula -
Lo cle TONR
tion #43 Ilnternreted as an increased permeabllity to Cl.(I2).
Studles carried out by us in the courae of
& number of years have shown that the hypoglycasmic effect
of insulin 1s not observed when 1t 18 gilven on the develop=
e O | R N VU VLW ¥ s
ment of eerticet inhibitiok, obidined by extingulshing an
already established conditioned insuiin hypoglycaemld, (I3=I5)
Having in mind the role of GABRA bﬁﬂinhibltorg
procasses and 1is action on membrane structure, and on the
other hand knowing that one of the main mechanisms underlying
the hypoglycsemic effect of insulin 1s an enhanced membrane
permeabllity to glucose (especially 1n muscle and fat tlssue),’
i1t was interesting to study the effect of GABA on glucose
transport 1ln muscle tissue,
Experiments were made on isolated, intact
rat dlaphragm, which according to Kipnis and Cori (Is) ana
Randle and 3Smith (IT7) 1s the most sultable object for the study
of glucose permeabllity into muscle. The dlaphragm was obtained
from male rats of 80-I20 gre wt, Incubation was carried out
under anaeroblc conditions at 570ror one hour in Krebs-Ringer
blcarbonate buffer &t pH-7.4.In our experiments it was shown
that 1n:this eolution glucose uptake by rat diaghram was more

pronounced then that observed in the bicarbonate buffer used by

Randle (18). ﬁe—ééaﬂfbo&—bg—aan&oglucoso wag added to IOmls
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of\lncubatlon medium to obtain & rinai concentration of 245mg
/ml . After incubation its amount was determined colorimetrie
cally by the Scmogyl modification or Netson's method. GABA
was ddded to the medium to obtaln concentrations of 0.5 to 50
‘pg/ml. and crysta}lina protaamime zinc insulin to make IO-B
=0¢I units /ul., The resylts obtained are presented inTable I.
fable I-Comparison of the effect of inasulin
(Ce I unit /mg and GABA ( IO Ug/ml) on uptake of glucose by
lsolated rat dlaphragm under anaerobie condl tionsa,

(Glucose uptake glven in mg. per I gr. of wet diaphragnm),

COntrol' GABA Insulin Insulin I unit/mf.
I0 Hg/ml 0,1 unit/ml | GABA  IOumg.
g+ x.
37 L-7) 24 -H0% 588 1653 398 | 284X 36y
() L) (13) (11)
X The number of %Pmmmi's OGN Guben, (. brackets . Oz ‘im

The results obtained indicate thaﬁzabout ——
A - lncrease in glucose uptake snsues rrom the 4ddition of insuw
1in(0.I ubit/ml). This is further enhanced by the addition of

glutose trane port | however takes place omthe Simultasesug
GABA (IO Ug/ml). The most pronounccafadditlon of GABA and

insulin, where glucose uptake by the dlaphragm is inoreased
'dbo¥s ——2. .. times,

Belng convinced that GABA in qug/mi ooNCene
trations has a greater effect on glucess uptake by mussle
tissue than insulin, we tried the infiuence of various doseg,
The results obtained with O.S-S0,0‘pg/mL amounts are given in
table II, |
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Table II. The effect of decreasing concentrations or GARA
on glucose uptake by rat, dlaphragn.

expressed in mz. per I grs of frash tiasue,

- - - — e T ._._-_._,T,_ e e ———— — -

Control | 50 Mg/nl | IO Mgat SPe/ml  (THg/mi 0,5 Ha/m1

19-15% 4¥0] 12632 2.3y

¢.82* 12y K9 L L8 [1F85F 423 04200y

L (i9) | W (© (w0 (e)

e e LR T - e

,It 13 obvious that the effect of GABA on
glucose uptake éﬁ:t-not gre¥ with the increase of 1ts concernt _
fratlon. On the contrary smaller doses seep to have a grea.
ter influenca, Thus » Tor instange S5Hlg.s0em to evoke a more
pronounced glucose uptake than that produced by 10 lg/ml. An
uptake equal to qug. Was obtained by I Pa/ml. The consider.
able effect of GABA in such minimal doses ia worthy of atten_
tion . Amouhts a3 @mall ag O.S,Dg/ml increaser glucose Upw~

take by about 44£-t1mos. From table IT 1t 1g obvious that
w 1
50 Mg of GABA excercise aqm&ép&v;g orrocg.,ﬁo—tha;-em

| ot & N
/ %ﬁ,&ﬂ_ Here inm glucose uptake eof-

L&(‘/uac/-&u\ about two Tolds¥es-netined,

Knowing that insulin broduces 1ts effect

\ /nca Ha
in concentrations oL M unitf/m (I8 and that l1ta amount
A ”Mvo
in serum of normal anlmals and humans iy about —Iﬁ"/\mut’/m

(19), the erfrect o such low congentrations or both insuiin
nd GABA (0s5a@ Pg/mi) were tested. It ¥as noticed that
I Pg of @ABA greatly enhanced glucose transport, while 0.5ug

have an effect dilmoat equal to that or 20 !Aun‘? of insulip
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In this sertes or sxperimenta the amount of
glycogen in dlaphragm was also determined by the method of
Morrls (20), The results obtained ars given in table II1.

Table III, Glycogen content of rat dlaphragnm
in mg. per I &rs Oof wet tissue.

e e gttt et
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L et —
Control Insulin GABA GABA=Insuiin
0,I unit/ml I0/ml IOng/ml-0, I unit/m
b-@ * B-4Y 2122 0:@0 | 222t pus | 2.5 805
- (8) (5) (W) (2)

The data obtained indicate that insulin and
GABA considerably increase glycogen content of diaphragnm,

A. noticeable rise 1n the amount of glycogen
+CRD
lakes place even 1in &/ Theae resuits are compatiblLe with

thoae obtained while studying glucose uptake by muscle tis.

sue froum the incubation medium,

Muscle glycogen was also determined histoe

chemioally by the method of Bawer. As shown in fige I=3, &

greater accumulation of glycogen in muscle tissue takes place

in the presence of Ggaga (10 ng/ml) than onthe 4dditien of

insulin (OII ml).

A simllar lncrease in glucose uptake by

muscular tissus was noticed on the administration of GARA

into the femoral artery under nembutal anaesthesia,

Blood samples for the determination of glucose

were taken simul taneously from the femoral artery and vein.

It was shown that the AeV difference is considerably increasaif

from I~I0 minutes following 1ts injection,

According to Soskin and Levin (21) Gelgsr ot



Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6

nﬁ-

&1 (22) and Park et al (23) insulin does not affect glucose
uptake by the brain, 4 few preliminary experiments sBeem to
polnt to an immediate effact of insulin on brain glucose ‘
uptake namely within 2«5 minutes following ita intracarotid
administration, prior to the development of 1its hypbglyoaomic
effect . From this poilnt of view it wag interesting to study
the effect of GABA on this procesa, Experiments were carried
out on previously operated dogs whers a carotid loop was obw
talned and the branches cof the external jugular vcin; all
except the posterior faclal, w§re ligatured. In this way
blood taken from this vein came directly from the longl tudi.
nal alnus of the brain. Blood samples for the determination
of glucose were taken from the éarotid artey and jugular vein
following the injection 0f2.0.2,5 e of GABA into the artery.
Table IV presents the resuylts obtalned,

Table IV~ The Effect of GABA on brain glucose uptake AmV

difference in mg. %.

Prior to GABA injection After GABA injection v
2m. 61110 IOm. '

b

537 * 482 A L B R
(s) | =2-9yg)| 3-C&g 5:06 (g)

The results obtained indicate that on the
2nd minute following GABA administration brain glucose uptake
considerably increases until it gradually reaches its pree
vious amounte This temporary increase in brain glucose uptake

13, most probably, due to its rapid distribution throughout
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the body, 'except the brain)hand 1ts rapid excretion (24),
Data congerning the permeability of GABA
into the brain are contradictory , Marrazzi et al, (25) and
Hayashi et al (§6) report &n inhibitory effect on central
synaptio transmission following the in)ection of GABA into
the ocarotid artery, According to van-Gelder and Elliott (24),

no increase in the content of GABA 18 observed in braln followve.
ing its intrawperitomeal or intravenous administrations,
Elilott ana Jasper (26) find that GABA passes frop the blood
into the brailn Very sparingly. Others claim that 1t basses
only in areas of local destruction or the bliood brain barrier
(27)e At present the enhanced permeability of brain towards
glucose cauged by the administration of GABA cannct be ex.
plained . However, thae immodiate effect of GABA on the bloode
brain barrier » &8 well as its effect on brain glucose metabo.
lism and in this way the promotion of itas uptakekaﬁannot be
excluded. Experiments dealing with the mechanism of glucose
irensport under the @ction of GABA are NO¥W 1in progress in omr
laboratory,

In connection with these experiments it was
interesting to study the effect of P alanine on glucose up-
take by rat dlaphragme. The experiments undertaken wWere simtlar
Lo those described abowe,

The results obtalned are presented in table v
Table V «.The Effaect of Bealanine on glucose uptake by rat

diaphragm, mge per gm. of wet tissue,

Control B-alaniﬁ; ‘ B-alanine T
I0 ug/mt 20 pg/ml
80f ta0s [ 25¥+ 2.06 | 5.9+ .98
i Y I
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From data presented 1£ 18 obvioue that G-alanine
in amounts of IOu20/ug/ml. considerably inhibits 4 glucose
uptake by muscle , In this respect it was interesting to
study the effect »f Bualanine on the promotioﬁﬁglﬁcoso'up.
take induced by GABA and insulin. The results obtained are
presented in tables VI & VIi.

Table Vi ~ The Effect ofBwalanine on glucose uptake of rat

dlaphragm in ththssence of GABA in mg. per gm. of wet tiasue.
/

Control GA Ba GABa~B-alanine GABA 2QuhdGABATMIUGABA 1
Ing/ui. | 50pg/wl 20ug/ml |Balnine Ju | BRYL 10, 142045}

9.0 19,6 11,8 442 4.2 [5.8

Table VII~ The Effect of Bwalanine on glucose uptake of rat

diaphragn in the presence of insulin 1in mnge per gm. of wet

tlssue,
Control Insulin Bealanine IQg%fB-alaninelmaB.alaninglo
OeIunit/ml|ina.OcIunit/uf |1nse.0,Iunit.y ins.I0™ w,;?.f
.80+ 33| 18-¥3+128] 16:9320.65 | |g.05%0.95 » |
(3 (» (¥ (2) (L

From the table VI and VII1s obvious that
Pnalanine considerably inhibits the effect of GABA on glucose
transport, while the action of insulin remains almost Uune

changed.
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A number of investigators have demonatrated
that large concentrations of W.. amino acids (Co~C5 ) have
2n inhibltory effect on nervous activity similar to GABA,
However, theres are Some indications that the previous
“dministrations of B-alanine inhibit the effect of GARA (28),
In this respect the results obtained by us in regard to
pPealanine are of some interest. It may bve concluded that the
@ction of B-alanine on the effect ofGABA 1s‘of & competetive
nature,

‘ Hlstochemical studies have shown that insulin ang
GABA increase the content of the basal substance of the conneg
tive tissus enveloping the musole fiber l.e-%he acid
nggggiiiiggfifi53551These have been detected through their
metachrometic staining property with toliudine blue and also
by the method of hHalle (29), based on the affinity ofthe acgid
mucopolysaccharides to absorb colloldal iron. The sections am

| subsequently embedded in potassium ferrocyanide and Prussian

1
‘:'blue is formed at the 8ites of acid mucopolysaccharides,

e
i InBulin and GABA 8eem to produce depolimerization and avelle
ing of acld mucopolysaccharides, Sugh changes ln#hu pProper.
tles of the maln substancs ofconnective tiasue may partly
account for the increase in muscle permeabllity tb glucosse.
This problem, however, needs further study.

The following question arises; Has GABA any
role in the transport of glucose or any other substance in th e

organism? The results of our experiments seem to be in accord

with such an 1dea. GABA in minimal amounts such as O.SJPg/ml.

induce a marked increase in gluocose uyptake by muscie and in
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its giycogen content. ¥With the exception ofthe brain, other
organs contain very small amounts of GABA (from 0.2-10‘p5/5r.
of tissue) (30)s These small amounts, however , according to
our experiments, sesm to have a considerable affect on gluceak
uptake. The queation, whether 1nsulln maf produce its effeot
on glucose tranaport in muscie through the enhancement of

GABA formation remainas to be answered, Qur experiments demons -
trate the inhibltory erfect of B-alanine on the inereased
glucose uptake produced by GABA. Such an effest of pealnine
was not observed in respect to insulfsm. In this connscticn

the action o‘il’ciaBA and insulih on glucose uptake by brain 18 afy,
of 1ntoroat\?4oo. Ag mentlioned above, GABA enhanced the pene.

tration of glucose into brain after 2min. following

its 1nJoo-
The cowcle- SF seons Then

30w iy
<£q°u,k *4¢L}' glucose uptake by muscle through different mechanlisms, The

N u S v wn f final eluoidation or this problem, however, remains to be

%U/e’u" \ Wi veén,
According to & number of inveatigatérs, as

for instance, Gravioto et al. (3I), Dawson (32) and veane
Gelder and Elliot (33) in insulin hypoglycaemia, the amount
of GAEA in brain is decreased, This 1s obviously due to the
Tact that during insulin hypoglycasmia brain oonsumos:llnost
no glucose, thus the formation of GABA by way of glutgmic
acld cannot take place,

It 18 generally accepted that insulin does
not affect the glucose metabollism of brain . However, e

muscle tissuo/by promoting glucose transport and oxidation,
1t inoreasea the formation of g;d§¥35 aoid through the trie
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carboxyiic acld oycle . The maln route of GABA formation is
through the decarboxylation of gtutamic aeid by the action
of the gorresponding decarboxylase ;the activity of whioh 1s
very high in brain and very insignificant in other tissues,
On the other hand, the extensive distribution of GABA indle
cates that 1ts formation in other ways cannot be exsiuded,
The resuits obtained by us, together with
data from the literaturs, indlocate that GABA has a widespread
offect in animal organisms and that 1ts funotion oannot be
restricted to that of an inhibitory transmitter. MoKhann and
Tower (34) question ¢f the role of GABA as a factor taking
PArt in tik mediation of inhibitory impulse, They find that
+ 118 presence 1n brain in large quantities and its high turn—
over-rate are not indleative of 1ts role as a4 neurcwhumor.
They suggest that GABA affects brain function by partiecipating
in its enorgoticvmetabolism.
The queation concernig the neurocehumoral

action of GABA 1lies out of the sscope of thls report, howsvVeEr

fts"stgntftoanca_a3,B—4rananxxtamLoI~1nnLh11nr:_pgggggg;sf~

But 1t is evident that the role of GABA in the organi sm cane
not be confined to this, 1t may participate 1n th.\.ﬂ:f%ft1°
metabolism of the brain not only by way of the brL;:;boxyllc
@cld cycle but also through the promotion of glucoae penetraw
tlon into nerve cells, The results of our axperiments seem

to polnt to & possible role or GABA in the metaboiism of
oréana besldes the brain and raise new guestions sonesrning

thts substance which 1s widely dilstributed 1in plants and

mlcroorganisms as well, :
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Srain Gluoccss Uptake DLuring Its VYarious
Punotional G&ftates.

- - Pt o0 wdheeadd

He Ohe. Bunletian

(Based on the investigatiens of the author and esovorkers-
Yoghian V.B., Khachatrisn G.3., Mkheian E.X.,
Karageosian C.K., Keehek G.A.and Urgand jian K.9.)

Kany Questions conoerning the b oshemioal
processes underlying the different Numational states of the
brein require further stndy /)m investigation of the fume-

M
. tional blochesistry of the brein involves sany aiffieulties .

‘VV"'V.LQIL -—Z.—tﬂ
The experi tator in this fleld should set up sueh conditions

whioch would not disturd the norsal funotioning of the brein.

| Kvem in the most careful )w(m vitro experimsaits, ml.n tiesowe

cannot b%ing some changes, on the other hand, present
1nvtwno:hoa-maotmchu t.op-mv.un-wofm
more profound processes inhsremt in excitory amd iubili Sery
states. Moreever, the blochémist ,studying the taterrelation.-
ship betwesn cerebrsl wsstabeliss and fumetion , has to USe
some physicloglioal sani festations &s oriteria for the deovelep-
gent snd Adurstiom of the exoitatory and 1mhibDitory proeesses.
Besides this, sttention should be paid to the spesific preoper-
ties of the atimulating sgent usod, &s vell 88 %0 1ts effest
ob brain metabolism, sinee not all stimulants and narcotics
nave similar sffects om brein metabolism. That brain prolisases
very poor ensrgetic seuroces desplte the great energy 1ts agti~
vity demands 1s & fest whieh sheuld also e WerRe tn wind .

N
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The energy required by the drain 1s provided sainly by gluocose ,
brought by the blood streas . UConsequently, in studying the bio-
chemistry of ocerebral hmouon. the interrelationship betwesn
oerebral motabolisa l.nd uubono processes in effector orpna.
v g;ré: be atud.tol, tod. The brein, in accosplishing thw finer

regulation of sstabolic processes , provides for 1ts owm sotivity.
Certain funotional states of effeotor organs influsncs oersbral

| "metabolisa, and funotion. The above msantioned problems aAre not
all that are mset with in the study of the funotiomal tiocheslatry

{ of the brain, but they are encugh %¢ show the sanyadifticulties

E that are encountered during the study of this probiem aad also

| to acoount for the controvers{al results obtained by various

\’tnmupton in this field..

N

Neay-suthors , dn studying braln metaboliss
¥ A A AL A LU"""/W

during exocitation and inhibition, /‘proauoo thess funotional states
through the uase of Moy.m agents or sleotriocal stimnla.
tion . Theme of course, are not adequate mothods for obtalning
& true pioture of nonn cerebral function. One of the most
sultable methods for studying this probles is that of ocnditioned
reflexes. Pavlov and other investigators have shown, that the
development of conditioned reflexes 1is das to the exoitatlon of
certaln cortical centres from wnich exoltatory processss oan
irrediate to other ocortiocal and subcortical centres. It has also
been established theti tne aystematic dally adainistretions of
therconditioned stimulus alons, condusce to the fadiug away of the
oonditioned reflex with developaent of inhibitory prooesses in

tho corresponding cortionl ceantres. The inhibitory processes okn

Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6



Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6

ﬁ,-

irradiate to other cortical and suboortioal areas.

Numerous studies emphasize the ineressed atils.
sation of glucose and oxygen during hightensd cerebdral aotivity.
As shown by the investigations of Geiger , and others the
transport of glucose into brein 1s not a simple prooess of 41f%.-
sion. The amount of glucose in brain does not alvays agres with
its concemntration in blood. According to ¥olf, glueose admintg.
tered into the ecerebrospinal fluid is not taken up by brein
tissus. The mechaniams of gluocose transpori into brain is mot,
&8 yot, very well understood. Kost probably, the trensport of
8lucose into the brain depends on the aetabolic proossses of
brein tiscue 1tself, and as well as the funoticmal state of the
blood brain barrier. A number of authors have shown, that tnsulin

does not affect this process. (Gsiger, Gemcnetrated /By perfusiony)

. Sxperiaments; (of e brain) the importance of the liver in the
transport of glucose in; brain. It wvas showvn that bretin began
to take up glucose from the perfusiom fluid oanly, following its
passage through the liver, or upon the sdditiocm of eytidia and
urydidn to the perfusion fiuid. The investigations of & mumber
of authors, as well as our own indicate that Curing nareotiss.
tion, 1n spite of scme inareass iu blood glucoss level the upe

take of the latter by brein tissue is reduced. In alert and excileo

states, on the contrary, sugar uptake by brain tissue in ene
hanced, . Some stimulating sgeris, hovever, produce the opposite
effect. These and many other studies indicate, that a complicated
mechanism underlies the uptake of 'glpoon by drain tissue, whiih
is considersbly affeoted by the funotional state of the tain
and the metabolioc processes in effector organs.
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In our laboratdry, we have studied the problea of
glucose uptake by cerebral tissue, during different funotional
states of the brain. The experiments vere carried out on dogs.
Blood samples were taken from & oarotid loop and from the jugular
vein all the branches of wlnoh% exception of tnhe posterior
factal, had been previcusly ligatured. Thuas the blood obtained
came directly from brain.

rio I.
Pig 1 is a schome of the operation. The same ingredients vere
determuined both in arterial and vemous blood. The 4ifference
noted gave the uptake of those substances by brain tissue. Hlood
flow rate was also deterained. Gonditloned reflexes have beenm
developed 11; respect to the following stimull - The administre.
tion of food, rich in sugaAr{sughr loading) epinephrine and the
electrieal stimulation of the skin causing pain.

The arterioc-venous (A.V) adifference in regard to
the ingx-oﬁionu stodied, was determined during the effect of ‘
nncondluon.od and coniitioned stimunli, as well as the developasut
of cortiocal inhibtition. The latter was obtained through the
method of extinguishing an already established conditicuned reflex
by the repeated, dailly sdministrations of the oonditiened stimmlus
alone. -

The first series of experiments were oaArried ocut
on five dogs. Here, the unconditioned stimulus used was dn’r
loading. The anisals vere givem 50-120 gr. of sugar aixed with
povdered meat. This asount was divided into 3 portions givim.at
intervals of 5 minutes. The sdministretion; of food was oonjugsied
vith the sounding of & busser. Blood glucose and pyruvate levels
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were followed for 90 mimutes , durlng which samples were
taken at intervals of 3C minutes. The above mentioned asounts
of sugar lead to an lnorease in blood glucose and pyruvate
levels . 3ipllar results were obtainod by the conditioned stimu-
luc alone,that is %o say in cortieal exocltation. Under the
existing circumstances the uptake of glucose and pyruvate by
train tissue wis lnoressed considerably. By way of illuetretiom
the resultn obtained on one dog will be mentioned . Simtlar
changes have been obtuined on the other four dogs alse. As showw
in Fig 2, the conditioned increase in btlood glucoss and pyruvate
levvli.
PI1G. 2.
1s accompanied by a oofroaponding rise in their consumption by
tratin tissue. The same effect was notlced on tho first three
administrations of the conditioned stimulus. Ita further trtllg’
however, led to the fading away of the conditioned reflex with
tho development of cortieal inhibition, during which the above
mentioned changes were not to be seen. ¥ith the more profound
establishmont of cortical inhibition, the dog 414 not respond
to the conditioned stimull any longer, and was often in & drswsy
state. During this period, a reversal of effects wass observed.Ads
FI1G 3.

shown in fig 3, biood gluccse lovel, as well as its uptake by
brain tissue were considerably reduced.

Fig 4, presents a siaplilar picture regarding
pyrhvio sold, and its utiliszation hy brain.

FIQ A, _ ‘
As Lo the uptake of pyruvate by briin ocontredl o.
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tory results have besn r.po;'“ﬂo Onfinvuupum. hovever
indioats that on ths whole brain oonsumes pyruvie asid.

In these studies the rtto of oceredral bleod
flew has been determinea through the use of radiocastive
phosphorué. During alimentary and conditionod aliamentary
oxotuuo%a oqﬁal to I0 seconds)in cortical inhibltioen,
1'{1nmsoa to IS5 seconds. Thuas, in cortical excitation, inspite
of the higher rate of blood oirculation, brain utilises more
glucose and pyruvate.A reoversal of effeots 1a observed during
the developaent of cortioal inhibvition.

The pesultc of these investigations oonfirs
our previous observatione oconcerning the reversal of setabolie
processes during cortioal excitation and inhibition. On the
eatabliahment of a conditioned reflox towarus sugar loading
cortioal excitation 18 acocoapanied by & rise in blocd glucose
and pyruvate levels together with thelr increased uptake dy brain
tissue, Quite the reverce 1s seen on the developz=ent of oojlonl
inhibition.

- It was interesting to sec whether a udlnr
relationship in regard to blood glucose and pyruvate would be
notiesd in epinephrine hyperglycaemlia. On studying this questiom
we found out that in epinephrine hyperglyocsemia the uptake of
glucose by brein is enhanced.

FI? 5. |
Whiie in the casce of hyperglyceemia, produced by nareon.uuon
the oconsumption of glucose by brein is , on the contrary,reduced.
As will be soen lator, a elollar effect is obtainca during the
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eleotrical pain causing stimulation of the skin. Thus it was
confiraed thet the uptake of glucose by brain tissue does not
always depend on its asount in blood. "

. ) In this respect the functional state of the
brain and the specific offects of the stimulating agent i1tself
on brain function , are of definite importangs.

As was indicated above, on the development
of the inhibitory process in respect to conditioned alimentary
hyperglyocaemia, the leve} of blood glucose substantially
decreases, with a correspording fall in brain glucose uptake.
This shows that in this case oortioal inhibition leads to the
increased secretion of insulin. #With the ourpose of oonﬂruing
this suggestion inaulin was adalnistered to experimental
Animals . It was observed that during insulin hypoglycaenmia
& eimilar depresaion in brain glucose uptake was noti ced. These
results are in accordance with tnose repirted by Somogyl. The
rosult.*)bulnod by sugAr loading are indlicative of the activation
¢f the insular gysten during the development of ocortioal inhidi.
tion. It must be noted that on the development of cortisal
inhibition Dblood sugar 1s usually at a ressrkadly low level
and brein uptake ts very such depressed. As shown in Table 1I,

' within the first few days of this stats the administrations of
I20 gr. of sugAr increase netther blopd glucose level, nor
giucose uptake by brein tissue.

Table I.'

On the first day of sugar administration,
the amount of glucose 1n arterial blood varies between 37-5Img.
&M in venous blood between 40-50 mg. £. , with no substantial
A-V difference. On the following teo administrations a gradual
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rise in blood glanocoss level and breain consusption are moticed
On the 2nd and 3rd edministrations blood glucose level
inoreases only by 12.I5 ag.X, mx% administration evokres
& rise of 30 mg. X 1.0. an 1noreage equal to that obtained
prier to the inhibitory state, Brain glucose uptake is also
increased to about Ii-IA mg. 5.

These and other results obtained during
our investigations 1ndicate the important influence of oortie
oal impulses on the effect of a nuaber of unconditioned
stimuli.

The A-V difference in glucose was studied
also following the eleotrical pain osusing stimulation of the
skin. Blood saaples were taken prior to the applisation of the
stimulus, as well as 5 and 20 i&uuuo following 1ts applioce=
tion. After the experimentil anisals beoane acoustumed to the
conditions of the experiment ocontrol tests were ocarried out
with the purpose of deteraining the normal blood sugar level
and glucose uptake of the animal in question.

Fig 5 represents the results of such smperiments on one dbs.
ria 5.

As shown in this figure, the A.V 4difference
of glucose in this animal varies between 6.8 mug. §. On the
adainistration of tne unconditioned and conditioned stiwuli,
inspite of some inorease in blood glucose level, the A.V
difference is considerably reduced and sosetines there appears
even & negative differenge. Durtng the developmeent of {nhidle
tion the uptake of glueose is again inoreassed.
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Asguning that hexokinase may hive some effect om the
transport of glusose into brain, 1t was deolded to follow its
activity in rat brein in experisents with nngpr'loadxns. It wvas
interesting to follow hexokinase astivity during alimentary
and conditioned alimentary hyperglycaemia when bﬁtu glaocose
uptake was increased and during cortiocal inhibitiom when it was
depresseds In these experiments the different freaotions of
glycogen were also determined. The above mentioned funotional
states wore developed ian experimental rats through the use of a
speoclal system, after which they were fixed in 1iquid oxygen.

fhe results of these experiments indicate that brain
hexokinase activity 1s increased during alimentary and comiie
tioned alimentary hyperglycaemia when fan enhanced consumption
by brain tissue is observed. On the development of ecortical
inhibition, hexokinase activity falls to about one half its
control level. These data are illustrated in Fig §.

FIG 6.

4 certain correlation seemi to exist detweenm bruin
hexokinase activity and glucoase consumption by brein. However,
the permeability of glucose into brain does not seen to depend
on hexokinase astivity.This is confirmed by the llV.ltlaﬂtlﬂllA
of Stone Kloin who demonstreted that fructose penetrates into
the bréin with aifficulty, in spite of the fact, dessnstrated

by Cori, that it 1s very easily phosphorylated in brain tissuse.
Glucose, as compared with other sugara, penetrates into the
brain with great ease. Here it is ¥33Rbolized very quiekly, tims
promoting the penetration of fresh amounts. | ’
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ln those 1inveatigations, where tihe different
fractions of slycogen™™roteln bound, lipoild bound and free —
have been Jeterwulned, 1t wus observed that durlng alinentary
hyperslycaemlia the auount of total glycogen, 1s increased. The
most notlceable rise tuakes place’in respect to free glycogen,
wi,ore 4p incroase off ifeZ4 mo. » 1s observed. In conditioned
allmentary hyperglycaemla the amount of total glycogen 1s some=
wnat lnereased wito a corresnonilng decrease in nroteln bound
glycogen. ihe quantlity of free slycogzen and of that bound with
lipoids remains hish. ‘the results obtuined on the develonment
of cortical inhibltlion are of some interest. as shown in fig 7
the amount of total glycosen does not undergo any aopreclable

FIG Ta

change while a conslderatle rise is noticed in the amount of
free glycopzen at the exnence of nprotein bound glycoren,

#» numtor of investigutors have shown that in
brain tlssue free glycogen has the higzhest turneover rate, and
iis amount underzoes conslderable changes during the various
functional states of the bralin. Our findings are compatible
with these data. ¢f special interest ls the fact that during
t:.e inhitrition of conditionad alimentury hyperglycaemia when
tne uptake of glucose ty train is reduced, the amount of free
Zlycogen which 1s the most labile i1s increased. At the sane
time the amount of proteln bound glycogen 1g¢ decreused. Fronm
this it may be inferred that in cases of reduced glucose uptake
free glycogen provides for the energetic demands of the brain.

In the course of our investigations an intense
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dlminution in braln glucose uptake, has often been obaerved, as

for instance during the inhitition of conditlioned alimentary

hyperglycaemla, insulln hypoglycaemia and in the various stages
of electrioal/aain caualnglstimulation of the skin and the
correspondinad conditioned reflex. A similar dlmlnutibn in glucose
consumntion was observed following the extirpation of the
sunerior cervical syupathetic ganglion.

These findings are of interest 1A connection
with the investigatlions of Husratlan, who on removal of this
ganglion in dogs noticed a dlsﬁﬂ?ion in normal condltioned
reflexive function. '

In the course of our exneriments particularly
on the dovelopment of cortical lnhibition we have frequently
aet 2 negative sev gluccse difference. This effect, which was
noticed even when glucose was determined chromatographically,
does not seem Lo be connected with brain ciroculation rate, or
tno concentration of glucose in arterial blood. 4 negative AHeV
glucoso difference hus besn reported by Batrak, Zakhearov, and
othors. It has boen obtained by us in experiuente follavwing
narootlzation, us well as Iin cases of fully maintained brain
activity.

[het raises the question as to what surstifneoc renlaces glueose
in sué§¢§%3 provides thé enNPrEy nocossary foP bruln fun@%iono-
/ a8 far back as 1930, Gerard hod roportcd

thiat during nervous activity substances othor thon carko-hydc

rawes aro used. according to .iulling gluweoso 1o met utilizcad

durdng norvous wctivitye Gromell and Dovios havo shovm ot im
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diminution in trailn glucose uptake, has often been obasrved, as
for instance during the inhitition of conditioned alimentary
hyrerglycuemla, insulin hypoglyeaemis and in the various stages
of electricul/vain caualng,stimulatlon of the skin and the
correspondind conditioned reflex. A similar diminution in glucose
consumption was observed following the extirpation of the
surverlior cervical syupathetic gAnilion.

These findings are of interest in connection
with the investigations of liasratian, who on removal of this
ganglion in dogs noticed s dlsﬁﬂzion 1n normal conditioned
reflexive function.

In the course of our exneriments particularly
on the develobment of cortical inhibition we have frequently
met & negatlve s=v ylucose difference. Ihis effect, which was
noticed even when glucose was deteraulned chromatogranhically,
does not seeu to be connected with braln circulation rate, or
tie concentration of glucose in arterial blood. « negative iaV
glucose difference hus been reported by Batrak, Zakharov, and
others. 1t has been obtained by us in experinente follawing
narcotizatlon, us well as in cases of fully maintalned brain
activity.
fhesralses the questlon as to what surstance replaces glucose

in suéﬁ?z%g provides the enePrgy necessary for brain function.
A8 far back as 1930, Gerard had reported
that durlng nervous activity substances other than carbo=hyde
. rates sre used. according to .iullins glucose 18 not utilizeg

durlng nervous activity. Grenell and Lavies have shown that in
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the absence of glucose, Lhe clectrical activity of certain
areas of bratn and thelr oxygen intake ure maintained for two
houra. The perfusion of exporiments of eiger on cat train in
slte are quite interestins. They demonstrate that in conditions
of atequate aeration, in the absence of ¢lucose in the porfue
slon fluld, traln activity is wmaintalne! for over one hour, in
tolte of the fact that glucose disappears durlng the first I0-16
minutes. :n such condltlions the respiratory qQuotient of the
trailn fulls to U.5qbthe amount of phospholipids and nucleie
sclols in tralp cortex is reduced and there is an output of free.
anlno aclas fro< the brain. wn tﬁe taslis of experiments carried
out with uniformly lubellod Ldzﬂ%izzigor came to the conclusion
that only 30«35 . of the zlucose rresent in train, is complete-
ly oxldlized. .uring nervous uctivity, the guantity of glucoae
undergoing complete oxilcdation 1s eva%lesu than this. 4 consider_
able amount of glucose 19 spent in the synthesis of uminoc acids
oroteins, lipids and other noneacid soluble sutatances whigh
may be used in cerecrul function. In cases of hightened brain
sctivity, as for inatunce under the effeot of metrasol, the
breakedown of pnosnholipids and galactolipids, is enhanced.
althou h, norual functioning conditions for
tne organisn are not walntilned even in the experiments of
welyger, nevertheless compured with studles carrlied out on
isolated cut-en—lealales traln preparations, this ias a oignifli-
cant step forward and the results obtuined deserve due consider:
tion. ihese results indicate the involvecent of many substances

in the reallzation of brain function.
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In vliew of the fact that the electrical pain
causing stimulation of the skdn induces ua considerable deerease
1n brain glucose uptake, together with observations renorted in
the literature concernlng the abllity of the bratin to utilize
1te own constituents for energy requirewments, we deoided to
follow the .-V d1fferencs of substances besides gluooae.'Accora
ding to many duthors, glutamic acld can 86rve as a source of
energy for brgln tissye,. Hecently its 8bllity to venetrate the
brain has been demonstrated. welsh has shown that in mature
unlmals, despite the constantvksathe Amount of brain glutamic
acld, 1t is continuously being exchanged by that oresent in tlood .
Jlutamine penetrates the bruin with greater ease,

~xperiments carrled out in this sonnection
demonstrate that durlng the conditioned reflex obtained on the
elootrical,pain causlng stimulation of the skin, the amount of

" glutamlio acid increasesin venous blood, and remains unchanged 1

arterial blood wﬁich indicates 1ts increased out-flow from the
brain. The results of such éxperlments, illustrated in fig 8,
demonstrate that during the development of cottical inhibition
on the fifth atnute following the conditioned stimulus, brain
consumes glutamlc acid. Similar results have been obtained in
respect to aspartioc acid. as far 48 glutanine i1s ooncerned it
18 consumed by brain in control GXpériments.

ln the course of the stimulation of the skin
4nd the conditioned reflex follovwing it glutamine is glven out
from brain, wnile on the development of cortical inhibition, 1t

1s ugaln consumed. rhese results are 1llustrated in fig., 9
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In connectlon with the changes of the glutamic actd
and glutaine, 1t was interesting to study the autflow of ape
aonluw from brain. as shown in fig I0 , in control experiments
and 1n blood samples taken prior to stimulation, brain consume
auxrionium,. FIS 10, Un the electrical paln
causing stimulation of the skin and the conditioned reflex
following , this effect is reversed and an appreciable output
of ammonium from the braln takes pluce. Juring cortlical inhibi-
tion the production of ammonlum by bruin is continued and aome
consumption is noticed only on the 20th minute after conditioned
stinmulation.

In our experiments we have also determined the AV
difference ir respect to glutathione » Which 18 found in brain
tissue in considerable amounts. It has been shown that during
the electrical ctimulation of the brain and the conditioned
reflex developed in consequence of its repeated administrations
glutathione 1o increased in venous blood, which indlecates 1ts
outflow from the brain tissue. A reversed effect is observed
on the development of cortical inhibition. The result= obtained
lead to the conclusion that during the electrical paln causing
stimulation of the skin and the ensulng conditioned reflex, the
depression in glucose uptave by brain is accompanied by an ine
creased ocutput of glutamlc und asnartlc acids, glutamine, ammon.
ium and glutathione. These results and those of Gel ger concernma
the increased output of amino acids from the perfused brain in .

the absence of glucose, allow us to confirm the faect that
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protein serves as a source of enerygy for braln, especially
in cases of re.cuced glucose uptake.

| When tne glucose uptake by brain 18 reduced
4n inereasei consumntion of pyruvic acid 1s also observed.
fhls may 1ndlcate tts usage by brain tissue under these ocondie
tions.

In cases of lowered glucoss utilizatlon,
braln glycogen may ulso be of some lmportance as a sourse of
energy, especlally its free fraction, the amount of whicn
increases at the expence of the protein bound forme.

anotner oconstituent of braln, acetylaspartl-
acid, secems also 1o take part in brain funoction. Its amount
deoreases following coffeln stimulation, and‘prolonged excitia
tion produced by four hour awlnnin . Zreliminary exneriments
gcem to lpcloste that 1t narticipatec in the synthesis of
acotyl choline.

ine estinution of the A«V difference of
rhospholliplds and cholesterol shows that tnhese constituents
also seem to take a certain part in brain function. ’ata
presentei in flg 11 show that durlng control experinents there

FIg Il
1y a saall output of phospholiplls from brain, which is oconsle
deravly lncreased durlng ﬂhe electrical paln causing stlmula-
tlon of tne skin and the conaltioned reflex develoned. The

opposite etffect 1s observed during cortical intitblition. These

results are in accordznce with those of (el ger who féund out

a considerable decrease in the amount of phoapﬁollplds in

brain cortex during cerepral activity , especlally in the
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toeence of :lucose in Lhe nerfusion flul-.
“10 I2,.

« ainllar puttern is observed 1n ragpact, to
cholesterol. .ere ulso an Ynercuases aatnut 1 Lo te veesp a2fter
Lov aleatticess vLl maration of 4 e oo dat condltioned atl sulue
tlem o am Far oaL g orepsation of naln a0y esotional statos
Are Lo 2 eertiln extent fflalliar to eact other, the roasitiliy
arlioee Lat L Prutuant ciotlopsld chutes f.-'a'nd\;}‘st.r‘ef'.s t-e hrain
Ay oaro.auze inneroase: anounts of o oJ.oa:ter-:)lF.r:.:hzvri G Way
atoroncleronl: 4! Laiterocclerosta are J.!'v-el.y Lo develon. as
s.own i L o2 £ oare, on Lhe tevelsnant of ecortdesl Inbitition
tere 1o, or L. contrar’, 4 conruaction of ci.olesterol. wur
Irnveatlcutlons j:rileate aivn tiat various constituents of thoe

fre
t-r'.zinoive. ln 1to wetivity, 10 toe cace of lower glucose
uattzke 1o cartl alar,
Sro .8 rosults of our axperizants tt may be
cuncluded t.at durin: cortioal Inhitiston there 1s u roversal
of wetabolle nrouce.<e: in brain Lisaue, waleh onabloes the

synt.exlu of tro surstanco: utillzed iurin< 1ts activity.
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One of the important problems of blochonice
try 1s the study of the cortigal regulation of metatslic proe
. cesses 1in effector organs, as well as tho study of the blocheoe
mlcal proesesses underlying corticsal exeitation and inhibition,
A mumber of investigations have been un&artaken»in CUPr laborae
tory %o study this probl om,
in the presont report, I shal: Fv9 the roe
oulds obtained consoraing the eoffect eof oeortieal aotlivity em
Botabolic precesses in effector organs. Usualiy, AlfPorent Punco
tional ztates of tho brain are ob&ﬁin@d by the admirdotraticn
ef @%&mﬂléﬁing azd inhiblting agemtes In our OXpOFimCnLs w8 hoo
ve obatatncd from tho wse of such BOARG, knowing hat thesme oo
gonts are met £roe fron geme sido effoetn of tholr ewn,
tho fnvestigiticn of tho Ml geor oontres of
Bho bradn 4o Bost carried sug Ghromgh 8o weo of Gho CoMW, AP
- Conditionmed rofloxnos, whick wao intreduccd by Favleve e oo
thed 10 usldoubtcidly by Ter tho oot cAcquato ord DESDQ@Echcga
02000 Yer obedylng oho verlieus Femodiennd otadon of oo CoT G

n Le] ~ 'yl 3 LY PN D e~ Rt T Ve SN
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more perfest form pf adaptation to ehamges in the surrouniings.
They develop 1n assoelation with an uneonditioned, inboran ref=
lex. When a stimulus, whieh in itseif is absolutely neutral, is
repeatedly applied simultaneously with an ureonditioned stimne
ius, the two sorresponding sortisal aentres are astivated at the
same time and & temporery nervous association develops between
the twoe. Thus, the hitherto neutral stimulus aequires stimula.
tive properties, and 1s trensformed into a eonditimned stimulus,
the appliocation of which evokes the same ehamnges as the uneondie
tioned stimulus. In this respeet, the shanges that are brought
about in the organism by conditioned reflexes may be regarded as
the result of ocortlioeal astivity.

Pavlov disgcovered further a funstiomal state
of the brain ocortex, which he named conditioned or internal ine
hiblition. It may be also ealled sortioal inhibition. Unlike the
inborn inhibitory processes of the sentreal nervous system, eor.
tisal inhibition 1s aocquired and therefore of & temporary shares-
ter, One of the methods used by Paviov for developing oortioalv
inhibition was the extinetion of an aiready established eondie
tioned reflex, whigh 1s attA1hod through the repeated ldninis-
trations of the sonaitioned stimulus itself, ’

Ia our investigations, in stuaying the eortie
¢l regulation of metabolie processes in effector organs, we
have attalned asctivated and inhibited states of the gerebral cor-
te{by developing conditionea reiiexes and then extinguishing them
through the daeilly administrations of the gonditioned stizulus.
The unconditioned stimull used in these studies were the intre.

venous injeetions of epinephrine and insulin, the administration

L]
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of food rich in sugar and the eleo€£¥;arfiff;ailtlon of the skim,
In oases where the unconditioned atimulus consisted in injeesting
& substanee, the conditioned stimulus used was the aet ot the ins
Jestion itself, where a neutral substanse, sush as an isotonie
solution of scdium shlortde, was used,In the other experiments,
the eonditioned stimulus was the sounding of & busser, During
these studlies, the following ingredients have been determined;.
blood glueose, pyruvate, lactate, inorganic phosphorus, satechol
amines, histamine, glutathione, glutamig and aspartic aelds, glue
tamine and ammonium , as well as the various somponents of the
blood clotting system. Changes in renal funstion have also been
followed,

After a number of simultanecus daily administrae
tions of the unconditioned and eonditioned stimul!l when the eonmdi.
tioned stimulus akone was applied, it oslled forth, as was eXpes~
ted, the sameo shanges as those brought about on the aduinistration
of the uneonditioned stimulus. This proved that the changes oon-
cerned were brought about by eortisal activity. Then followed the
extinotion of the reflex, during whieh period a gradusl fading of
the changes studied was notieed. On continuing the administration
of the gonditioned stimuli, with the purpose of developing eortie
eal inhibition, there eame & time when not‘oaly ne eﬁnngpl wore 6bhe
served regarding the ingrediemts in qﬁo-tion. but even a reversal
of the effects was notiged,

The results of our investigatioms clearly iodic
cate that during the development of cortical inhibiticn, the ®otos
boiioc proeesaes in the effestor organs go 1n~the opposite dirocs
tion, as sompared with those obtained during cortleal aotivityo
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wha
To 1llustrate this faet humerous examples may be proe
duesd from our experiments, In fig, I, for inatance, we see
FIla 1.
the effect of epinephrine and that of the coenditioned stimue
lus , on blood glucose level. Epinephrine , glven in amounts of
Oe8 mgs., brings about a noticeable rise in bloodesugar ievel,
After about ten trials, the injection of an altogether meutral
substance such as saiine sotution, brings about the same in.
eresse in blood glucose as was brought about by epimephrine ,
 Thie effeet, however s &radutlly rades AWay and after the thim
}uppliettien 18 »o more moticed, On subsequent sdministretions
{ of the eonditiocned stimulus alone, a state of internmal inhime
| Llon develops graduslly and a revarssl effect is notieed, that
1s to say hypoglycaemia is obtained., What is more strixing, epi
;nephrino » 8dminiastered during such a state, no more exereises
1ts usual effeet; it Ray even cause a slight fali ip biood giu-
cose level,.
Similar results are obtained ooneeérning tnorganie
Phosphorus during conditioned insulin stimulation. As shown in
fig 2., wnere tne resuilts are expressed as pereentages of the
initial values,
FIlg 2.
>1nsu11n OAuses a degrease in the @mount of inorgante Phospho.
rus in blood. Even a greater raill 1s notised on the Muinistra.
tion or the oonditiomed stimulus,
Subsequent aduinistrations of the conditicned stimn
lus lead to the establishment of sortieal inhivitien, during
whish period a eonsiderable rise of ﬁho &mount of blood phose
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Phorus is obtained. Insulin, glven under such conditions, evee
kes almost no change 1nvthe level of hlooa phoaphorus. Similar
results have been obtained in respect to blood glueose level,

The same thing 1s notisced in those oxporinontl
where blood glucose and pyruvate are determined following the
dminiatretion of food rich in suger conjugated witk the S0une
ding of & buzzer. The rise in bloodesugar and PyYruvate, notised
on the administrations of the unconditioned and ecnditioned stie
muli, is no more obtained after the third administration of the
conditioned stimulus. As shown in fig 3, during this and the fol.
lowing 'ing o three experiments the development of internal inhidi tion

efuses a further lowering of blood PYruvate level, These data,
together with many others obtained during our experiments, indile
cate that cortiesl stimulation and inhibition have sontrary efe
fects on the metabolio proooslein?rootor organs,

Pavlov pointed out the aotive nature of oortlcll
inhibition and stated that 1t required musch further study. The
results of our inveatigations show lhat during cortiesl inhibie
tion astive processes are &t work, the study of whioh glves us a
medns for following the deveiopment of gortical Ankibition bew
yond the zero effeet, when the Administrations of the sonditioned
stimulus induse no changes It 15 ocatablished that inhint tory
Pbocesses protect the nerve cells froe complete exhaustion and
enable 1ts recovery. As will be reported in greater detail in ana
other paper , studies at our laboretory have shown thet during
esortical inhibition there is a reversal of metabolie Prooesses
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eéven in brein tissue 1tsel?,

Here the reverasal of metabolio processes in ef-
fector organs has been demonstrated. Thus inhibition embraces
the whole of the organism. It undoubtedly serves the replenish.
ment of those substances that have been used up during the high.
tened aoctivity of the organ in question, subsequent to cortiecal
exol tation.

Now what is the mechanism of the reversal of the
metaboliec proocesses observed’during cortleal inhibition?
The results obtained in the eourse of our investigations indie
e&te that during the inhibition of ocortain cortieal oentres, the
fotivity of the reeiprocal system 18 increased, This is obvious
from the facts obtained during the development of cortioal ina
hibition in respect to conditioned epinephrine hyperglyeaemia
and oconditioned insulin hypoglycaenmia,.

FIG 4.

As shown in fig 4, the conditioned stimulus proe

duces the same increase in blood glucose level &8 epinephrine,
' On developing cortical inhibition, however, the same oeondi tioned
/ stimulus brings about a lowering of blood glusose level,The few

subsequent administrations of epinephrine do not p}oduoe any
hyperglyeaemia. This 1 indieative of a depression in adrenal
activity with a corresponding inorease in insulin secretion,

A roversgi Pleoture is noticed on the develop.
ment of cortiodl inhibitlon regarding conditioned 1nsulighypo..
glyocaemia. Here a depression of insular activity is &ccompani ed
with an inorease in &drenal activity, wﬁkﬁ'becomes obvious from
the inorease in blood glueose level. These changes are 1lius.
trated in the seeond halr of figure 4.Insulin ana the condition.
ed stimulus produge a fall in bdlood glucose level, This effect
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18 reversed on the development of gortigal inhibition, during
vhich Pelod the Rypoglyoaemis offect of insulin is also abolish.
ed,

Similar resuits have been obtained in experi.
ments where the amount of oAtechol aminesd and histamine have bogy
en determined in blood, during conditloned epinephrine reflexes
&nd the inhibition of this reflex. As is shown in PIG. 5, epil.
nephrine , as well as the oonditioned stimulus following a num.

~ber of administrations of epinephrine bring about an increase in
the amount of ocateenol Saines and & deorease in that of hiata.
uine. A reversal of effects, that 1a to say, a fall in the amount
X of catechol amines and a rise in that of histamine is attained
on the development of intemal inhibition,

These investigations, together with many o-
thers carried out inm our laboratory, indieate that there 1s reesp_
procal &ctivity between the:antagonistie @ystems regulating blood

\ glucose level. This reeiproeal aotivity was very outstaniing

in a nukber of animals met ¥ith during our oxperiments , oarried
out with the purpose of developing conditioned epinephrine hypen
glyeaemia, In such Animals the usual hyperglyesenio offeet rese
ponse to epinephrine was obtained only during its first few 1ne

- Jestione. Subsequent “dminiatrations at first raiied to induee
any eshange, and then produced a fall ip bloed nuépr level, In
this oonnestion » 1 should like to méntlon the results of experi |
Rents carried out on one dog only, As shown in fig 6,

PIG o,

the first three intravenous adainistrations of 200 mliorograns of

opinephrine bring about a notiseable rige in blood glueose levs}

(of about 20m¢%), During the fourth and fyfen administrations,
o App~roved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6 ,
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the amount of glucose remains unchanged . Purther on, during the
6th, 7th and 8th appliecations, epinephrine produses & substane
elal aeorease in blood glueose level which falls down to 45 ngk.
Thus & picture similar to that obtaineda during corticsl inhibla
tion of conditioned epinephrine hyperglycaemia was obgerved,

On the basis or.these-and akny other similar
resuits , w; come to the conclusion that during a certain astage
of epinephrine exeitation, a depression takes piace in the actie
vity of the systems concerned with thn inerease of blood glueose
level, of which the most important are the sdrenal glands.A simml-
witaneous activation of the antagonistig system), of whioh the
most important ias the insular ascounts for the fall in the blood
Sughr level observed. This suggestion is further sonfirmed by
the following experimenta, where the systematic administrations
of epinephrine lead to the sancelling of ¢ 1ts effeet or even

to 1ts reversal and in such ¢ases, subthreshold doses of epineph

rine, which during control experiments had had no effeet on
blood gluccse level, now'oauae An appreciable hyperglyocaemia,
Thia is illustrated in fig 7, where IO mgs of epinephrine are

afler the
glven) 6ancelling the effest of 200 mg.,
FIG 7.

attalned through its repeated injestions. As shown in the figure
& notlceable increase in blood gluocose level is ronlhod. Here we
COmé &cross one of the sharecteristic phenomenon of the inhibie
tory process, called the paredoxieal Phase, introduced by Vedeng._
" $ki and eonfirmed by many others. Thia states that doring inhibd.
tdry progesses soall doses ofﬁﬁiilnlua okuse & greater effect

than larger ones,
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Simultaneously with the inhibition of the eortical sentres rees
gulating the sesretion and action of epinephrine, those eonserm-
ed with the sesretion and astion of 1na‘u11n are resiproeally ace
tivated. This 1s illustrated by the experiments shown in fig T, where
Oe5 units of insulin , which during preliminary experiments had
'L'E_,',dm° ohnnso, glven upon four administrations of 200% of
epinephrine l.ft.er & reversal of its effeast » odused a sonsiderw
able fall during the three sonsequent administratioms, On the
fourth and fifth injections, 0.5 units of insulin had no offeoot
on: blood glucose level, These results were sonfirmed by many oe ‘
ther experiments,
The reeiprosal interrelationship in the astivie
Lty of the antagonistic systemsdeseribed above plays a signifi.
eant role in the finer sorrelation of the meshanisms ¢ particle
pating in the homeoatatio funetions of the organisa, ineluding
/' the stability of the blood glucose level, Numerous 1!!".&19:&10?:(5,
| n#, sarrieda in different laboratories, have shown that during
| hypoglycasmia, the seeretion of opilnephrine is enhanced and that
of insulin depressed, While quite the eonirery 1s observed M_,%\qhmeu
However, a more perfest regulation of the fume.
tional interrelationship between the adremal and insular systems
is realized by the cerebral sortex. This is oonfirmed by the in.
veatigations of Hasratian and Coworkers, and Zakharov, earried ‘
out on degorticated dogs. On decortieation the organism besomes
Bore sensitive to epinephrine and insulin administretions, Here
the changes in blood glusose level last longer than in nRONOPOre.
dogse 3imilar date have beeam obtained by & number of other ine
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vestigatione as well as by us in experiments ecarried eut oaPni-
aals vhere ooﬁ(oll aotivity had been presiuasa through na;ooti-
satione Thias effeev 13 mosy prodbabiy dui?%ho fact that on remoe
ving the oorto%?%?bludlns ita activity, the finer correlation
of the compensatory mechanism 1s abolished. As & result of this
the aotior of the antagonistic mechanism for the removal of the
atnormal effect, 18 postponed and sometimes does not even take
plaoce, '

To 1llustrate this I will present the results
of a fow oexperimentas As I have already demonstrated in some
dogs, a&fter repeated administrations, epinephrine no more inoress
ses blood glucose level .4ke Kow, if the same amount is given to
& dog under amidal or nembutal nareosis, 1t produees its usual
hyperglyocaemic effeets The results of some one such experiment
are shown in fig 8 . Here the repeated intravenous injections of

| FIG 8.

epinephrine produce no change in blood glucose level, The same
amouns, administered under nareotlsation produces 1ts usual hye
perglycaemis effeot. Data available from the literature , and
the resultis of our experiments, &ka4 allow us to conelude that
decortieation anl‘narootisat&on produce & state of central "dee
nervatione 1f 1t may be so oalled , a2 a result of whieh reeipe
roeal eompensatory mechanisms suffer appreciably and the organism
becomes more sensitive to humoral agents, Cannon's law about the
inoreased senslitivity of denervated organs to humoral sspnﬁl is
explained by a number of investigatdps through the depression,
in such organs, of these proceeses which senduee lead to the 1ne

t
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dctivhtion of the humoral agent, For example, aecsording to Burn
and Robinson, the inoreased sensitivity of the denervated nistie
tating membrane to epinephrine is due to the deerease in monoe
aminoxidase aotivity. Armin and Grent asoribe the increased sen.
sitivity of the denervated ceniral artery of the rabbits sar to
agetylcholine to the fall in eholinesterase activity. Went finds
that in denervated structures, the formation of antimetabolites
nesutralizing the effeet of neurchumors, 18 redused,

The cortical regulation of metadbolic processes
My be oonsidered a more developed stage of that same fundamen-
tal rule governing the regulation of enzymatie processes, It is
well known thné%a certain stage of the eniymwtie process, the
&otivity of the enzyme is suppressed the reaction being often
stimulated in the opposite direction.

In oconneotion with the sortiocal regnlation of
metabolic processes the results of some other experiments of ours
are of interest. Section of the right vagus nerve, which stime
lales insulin seoretion, increases the sensitivity of the orgae
nlsm to epinephrine and lowers its aensitivity to insulin. In
such an animal the often{j;vcn seall doses of epinephrine is ean-
eolled during 1ts third or fourth administretions.

This indicates that when insulin eecretion 1is
deprived of 1ts nervous control, the suppression of the metae
bolic effect of epinephrine occurs more quiokly. In this rese
peot , the serebral sortex plays undoubtedly an important part
in the regulation of the ecompensatory wechanisms governing ﬁhe
homeostatic state of the organism.
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/ This may be illustreted by the results obtained on
dogs where the rignt vagus uerve haa been ineisad. In such anie
mals 25 mg.of epinephrine and I unit of insulin given in the
courae of eontrol experiments had no effest on blood glusose lew
vel . Then followed the injections of Iooﬁgi of epinephrine. A
| noticeable hyperglycaemia was observed only oniits first two ade
| ministrations. The third brought no change in blood sugar level,
{ While the fourth and fifth produeed a hypoglyocaemia, 25 :ﬂ. of

epinephrine given during this stage induced an appreciable hye
perglyocaemia, This indicates the establishmend of a sftate, chae
racteristic of the inhibitory process, known asi the parsadoxie
caAl phase,

| At the same tbme the administrations of I unit of
insulin prodused an appreeiable lowering of biood glusose level,
Thus together with the inhibition of the mechanisas taking part
in produsing hyperglyeaemia, there was a reoliproesi astivation
oI tne hypoglyeaemlc effast of insulin, AlL of this nowever was
not observed during narsotization,.

The aboveementioned faocts lndioate that the effeet

of epinephrine and insulln on blood glucose Level depends on
the reciproeal astivity of the antagonistio syaton% which are
subordinated to cortieal mechanisms. 7hen one of these aystems
geta the upper hana the hyperglycaemic ertesct of epinephrine and
the hypoglyoaemic effect of insulin ,'nay dissappear, During our
inveatigations we have Tfrequently met with the elimination of

the effects of epinephrine and insulin on biood gluscse level,
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¥hen they were used in casespf inhibithd conditioned ldronilin
and conditioned insulin hypoglycaemia, On the other hand, after
repeated administrationa of epinephrine, when it was replaced by
insulin, during the first and sometimes even the sesond injeetions
DS hyperglyoaemia was obtained instead of the hypoglyoaemia oxe
pected, Similarly, after repeated adminiatrations of insulin,
whens 1t was replaced by epinephrine , a rise of biood 51ucono'
level was not to be seen. The hyperglycaemia characteristie of
eplmephrine, was noticed only on the 2nd and 3rd days of 1ts ade
miniastrations, To illustrete these fasts a few examples are quoe
ted froam our investigations,
FIG 9, IO.

Flg 9 &and I0 demonmtrate that insulin, administered &fter Ir'e.
peated injections or epinephrine , continues to raise blood glue
co8e level, Similarly epinephrine gilven after repeated daily ade
mlnlstrations of imsulin brings about hypoglycaemia, ‘

| A number of authors have failled to devalop con.
ditioned epinephrine hyperglycaemia and conditioned insulin hypo.
glycaemia, In the case of some animals, our repeated trials fow
establishing eonditioned reflexes in respeot to epinephrine and
insulin have also been unsuscessfuls On the basis of & number of
facts obtalned during the study of this problem, 1t may be cone -
oluded that the fallure to develop oconditioned epinephrine hye
perglyocaemia may be due to the depression of adrenal function
with the simultaneous activation of the insular system, Invaolo
animals this condition seems to develop more qQuickly then in ow
thers, whigh probably depends on the eorrelative activity of the
above mentioned systems andi the doses of epinephrine and insulin,
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The faiiure to deveilop & comdltlonad insulin hye
poglycaemia 18 most probably due th the early activation of ane
tieinsular mechanisms. With the purpose of sconfirming this sone
cept of ours we have atudied these effeets on dogs with one adeenal
removed and the other denervated, In this way we g:% tried to
reduce the agctivity of the most important of the antleinsular
mechanisms, . (

During experiments oarrled out prior to the &
bove mentioned operation, it was noticed that the conditioned
stimuius, given arter IUsll administretions of insulin aid not
induce & fall of biood glucose lLaveli.

FIG 11

‘fhe reshltis of one sugh experiments are illuse
trated in fig Il.

Upon the removal of one adrenal and the deneras
vation of another, the sensitivity towards insulin &s expected,
was found to be inoressed, whilw, that towards epinephrine had
decreased. Then followed the systematic administrations of the
usual doses of insulin whieh was four timed greater than 'its
threshold doses(O.4 units), After the tenth injection of insnlin‘

the administration of the conditioned stimulus induced a pronoinc
wased hypoglyeaemiae A lovwerimg of blood glucose level was also
notieed on the second, third and fourth administrations of the
ocondi tioned sbimulus, after which it produced no effect on blood
glucose level, Thus, the above mentioned operation by weakening
one of the most powerful of the antleinsular systems, the adree
nal glands, and the removial of their central nerveous gontrol led
to the earllier and aore permsnent establishment of condi tioned
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insulin hypoglycaemia,

It was 1ntorent1ng to follow the shanges in
blood glueoae leve; during the development of cortiocal inhidbie
tion in the abg%%;%%%%%%ad &nimals. It was observed that in these
Be dogs, during cortical inhibition, there Was no appergiable
change in blood glucose level., The development of eortical in.
hihitlon,through the extinection of the conditioned insylin hye
Poglycaemia led,as was the case with honoperated anipals s to
an inorease in blood glusose level, This Phenomenon had heen
explained through the reoiprooal enhancement of antieinsular
fctivity, o8pecially that of the édrensl glands, In theso exe

periments, the fatlure to obtain such an increase nust, most

sular system, Preliminary oxperiments indicate that in sueh
8nimals during the development of cortioal inhibition mo rise
18 noticed in blood catechol amines,

¢al inhibition » doee not manifest its characteristio effect,
The same thing was observed in experiments ocarried outl on ope
eruted animals. The results obtained °n one such operated anie
mal during the development ang extinetion of eonditioned lnsu-\
lin hypoglycaomia, re given in table 1I,.
Teble I,
A8 8hown in the table, the sonditiopeq atdmnkis

from 1ts fourth administration onwards, falls to broduce a hype.

1-6
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glyeaemia., ‘he subsequent administrations of the conditioned sti
mulus lead ﬁo the developaent of cortical inhibition.

On the establishment of esorticai inhibition,
insuiin given 1n the same amounta as before, rsiln to produce am

any significiant desrease in biood giucose level during ita firel
st , sesond , third and fourth administrationa, Only en 1tas
fifth injestion 1t produeea a fall in biood glueose level equai
to that obaerwed in experiments proceeding cortical inhibition
w-=um & desrease of about 30 mg.%.

What is the reason of the absence or consiae
derable weakening of the hypoglycaemle effest of insulin glven
during cortical inhibitioen?

t One of the main mechanisms underlying the

| hypoglycaenie effect of insulin is its enhancement of membrane
permeability to giucoae, especially in muscle and fab tissue.
Probably during certaln functional states of the gerebral cortex
especlally the inhiblition oY conditioned inmsulin hypoglyocaemia,
menbrane permeability la so changed through nervous impulses, as
to produce & reveraal in the effeot of insulin on glucose trense
porte Many inveatigatdrs have shown that in musocular tissue, th-

“fbush the astion of nervous impulses, the transport of a number
of substances, ineluding the sugars, can be cnanged. Of particue
lar interest are the changes in the metabolis processes of muse
cular tlssue following 1ts denervation. Aooérding to Axelson
ana Thesieff, the sensitivity of rechptor sites, in the denerva-
vited musoular membrane, is inocreased towards soeetyloholine and

other agents, Such & membrane is free Irom cholinesterase astie
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vity and ita selectilve permeability towards sodium and potasium
18 changed. Koshdoyantz and Yanson have shown that in demervae
ted muscle the strusture and properties of muscular glysogen

are changed. Gerritsen has established that during the first
period following denervation the glucokinase activity of museue
lar tissue 1s increased. According to Takashi, phosphorylase ac-
tivity is also enhanced and 13 no more affected by epinephrine,.
A lowering in aldolase astivity has also been reported.

It was interesting tb atudy the permeability
of musetlar tissue to glucose following its denervation. This
was studied on the gastroenemeus muscle of frogs three days afe.
ter its denervation. The results given in table 2, are the mean

values of 25 tests. The uptake of

Table 2. ‘
glucose by musoular tissue is expressed in mg. % for I gr. of
fresh tlissue. Incubation was carried out at 3f} for 30 minutes,
in Ringer's solution..

As seen from the table , the uptakme of glu-
cose by muscular tissue is about I35 mge #. On the addition of
insulin, this amount inoreases to 20 mg X. A similar rete of
glucose uptake 1s noticed after denervation, where the addition
of insulin causes & further increases in its quantity. Interese
ting results have been obtained on the stimulation of muscle.
Here an increased in uptake of I6.3 mg ¥ 1s observed, This obe
servathon is ocompatible with those found 1n;ft.ho literature. Insue
lin, added to stimulated muscle raises glucose uptake to & levsal
of 31.8 mg %. A reversed effect is obtained on the stimulation &

of denervated muscle.
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In this case, the uptake of glucose is appreciably
redused by about IOe3mg ¥, and what i1s more interesting, the adai
tlon of insulin, does not la—this—ease inorease glucose uptake,
¥hich remains at 8.8 mg %, These results irdioate that the nera
vous faotor has an esasential role in the régnlatlon of glucose
transport brought about by insulin..

These findings are compatible with our SUpe
positlion regarding the failure of obtaining a hypoglycasmic efae
feot of insulin during the inhibitica of the conditioned insulin
hypoglycaemia. As will be remeabered , we had already proposed, -,
that one of the mechanismg underlying this faet Ay be & chane
ged membrane permeabllity towards glucose , und;f the influenge
of cortical impulses, This concept was supported by other stue
dies carried out on doga where the utillza;ion of glusose by
Skeletel musele was determined. This was done by taking blooa
samples from the carotid artery and the corresponding vein in
the hind limb,

Pronqnt studies emphasize the signifieciant
role or gammoamino butyric acld (B4BA) in inhibi tory processes,
This substance his a certain effect on meabrane permeability
alsos In this respest we have studled the sffect of BABA on the
the ponotration or giudose in nusoullr tissuo.

The results or oxperiments carried out oa
the 1s30lated rat dlaphragm have shown that in muscle tissue GABA
in amounts of I mg %, causes an Sppresiable increase in the trang. |

port of the glucose and the subsequent symthosis of glyoogen.

R
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In the aboliashment of the hyperglycaemic effect of
insulin on 1its administration in certain funotional statea of
the brain, other antiwinsular mechanisms seem to take part.
Among these glucose, insulinase agtivity of certain tissues
and the conjugation and inactivation of insulin by certailn
proteins of blood seem to be of some impertance. These probe
lems are being studied in ouf laboratory .

It has been shown that during the cortical inhibition
of conditioned insulin hypoglycasmia, the elimination of the
hypoglycaemic effect of insulin 1is @ccompanied by &4 noticeable
rise in glucagen activity. Thus, for instance » OP5 mge of
glucagon, which in control experiments had had no effeot, under
such conditions evokes a rise in blood glucose level of about
25 mgk. This promotion in glucagon activity 18 notioced also on
the 2™ and 3™ daye following cortical inhibition, after
which it fades away, This 13 another fact pointing to the rescia
prooal activation of antagonistic mechanisms during cortiocal
1nh}b1tion.

In this respect it is intereating to mention the ree
sults of another series of experiments , where the inactivation
of & known amount of insulin following 1ts incubation with bload
was studled. It was shown that in control experiments insulin
actlvity was halved following its inoubation with blood for I
at 3709. On incubating insulin with blood samples taken during
the atate of cortical lnhibitlon, when the hypoglycaenic effect
of insulin was no more obtained, it was noticed that insulin
activity was decreased much more, than when incubated with sam-

ples of blood taken during control experiments,
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Facts , such &3 the abolishment of the hypogly=
caemlc effect of insulin during the inhibition of the condi-
tloned insulin hypoglyceemia as well a8 the reversal of insulin
action following the systematic administrations of epinephrine
and in certain neurotte sﬂatoé of the organiasm obtained in
the course of our experimsnts, confirm the significance of
the nervous factor in the aetiology and courss of dlabetes.
There are many instances in the literature where the origin
of diabetes 18 connected with a nervous stress, Mirsky belleves
thatl vewy comparatively few casegor aiabetes oan be aseoribed
to struoctural lesions of the panoreas . He cites daka from
Bell who finds that in about 40 £ of cases of diabetes no dec
rease in betaegranulation is observed, Some decreass is notiged

in 35 %, while a complete 1l0as of betamgranulation is observed
only 1in 25 % of the cases, It has been reported that for the
initlation of expsrimental diabete more than 85 % of the
pancre4s must be removed. These results indicate that dlabetes
cannot always be asoribed to pancreatio lesions, 1t may be

O nonepncreatic aetlology, due to a decrease in the effect

of insulin on tiﬁauas or to its more rapid inactivation. These
processes are undoubtedly regulated by the central nervous

system.
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